Dopamine D2 receptor modulates sodium handling via local production of dopamine in the kidney.
We have recently demonstrated that a deletion of the dopamine D2 receptor gene caused suppression of urinary sodium excretion and salt-sensitive elevation of blood pressure in mice. In order to understand the mechanisms underlying this impaired sodium excretion, we studied renal dopamine production and dopamine-induced sodium excretion in 20- to 30-week-old male D2-receptor knockout (D2KO) mice and age- and sex-matched wildtype (WT) mice. Renal local dopamine synthesis, examined by 24-h urine free dopamine excretion (UDAV), was significantly (p < 0.05) reduced in D2KO mice compared to that in WT mice (D2KO versus WT: 1.06 +/- 0.2 versus 1.5 +/- 0.3 ng/mg creatinine). Such a difference between D2KO and WT mice was also observed after oral administration of 3,4-dihydroxyphenylalanine (L-DOPA), a precursor of dopamine, at 5 mg/kg per day for 24 h. Furthermore, activity of aromatic 1-amino acid decarboxylase, a dopamine synthetase, was significantly suppressed in D2KO mice. Next, we examined changes in 24-h urine flow (UV) and 24-h sodium excretion (UNaV) during chronic infusion of dopamine at sub-pressor doses (3-4 microg/kg per min, sq.) or a vehicle via an osmotic pump. Urine flow in 24 h and UNaV were significantly (p < 0.05) smaller in D2KO mice infused with vehicle than in WT mice infused with vehicle (UV: 210 +/- 43 versus 650 +/- 163 microl/day; UNaV: 20.6 +/- 13.2 versus 44.4 +/- 21.6 microEq/day). After administration of dopamine, UV and UNaV in D2KO mice were restored to a level similar to that in WT mice. These results indicate that D2-dopamine receptors play a significant role in renal local dopamine synthesis and that a shortage of dopamine was, at least in part, responsible for the suppression of UV and UNaV in D2KO mice. However, we could not conclude from the present study whether renal tubular sodium reabsorption is intact in D2KO mice because the baseline dopamine contents in kidneys of D2KO mice and WT mice may be different.